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Introduction
Solar EUV radiation at 304 _, which is resonantly scattered from He + has been proposed as a possible candidate for imaging of the magnetosphere [Johnson et al., 1971; Meier and Weller, 1972; Weller and Meier, 1974; Waite et al., 1984] .
The spatial distribution of the He + density in the magnetosphere determines the amount of scattered 304 ,& energy that reaches the detector from an element of solid angle along a given line of sight. Since the distribution of He + ions is considered to be optically thin, the energy reaching a detector is the sum of all the sources in the line of sight. Therefore some a priori knowledge of the average spatial and temporal distribution of the He + would be helpful in deconvolving images of the inner magnetosphere. Models that have been used to simulate a magnetosphere image from He + have approximated the spatial distribution by assuming a constant He + density, above some base altitude on a given L shell [Meier and Weller, 1972; Weller and Meier, 1974] , or alternatively, a constant He+ to total denisity ratio; E.C. Roelof et al., unpublished manuscript, 1992] , where total density in the magetosphere is assured to be represented by H+. Williams et al. [1992] noted that one of the important consequences of He + following the H ÷ density is that images from He + resonance scattering then also represent the total plasma and not just He +. The behavior of the He + to H ÷ ratio will be important in models of tlae inner magnetosphere, in understanding the physics of the light ions, and in interpretin[g images of the magnetosphere obtained using scattered 304 A radiation.
Observations from the retarding ion mass spectrometer (RIMS) on Dynamics Explorer 1 (DE I) early in the lifetime
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Paper number 96JA02176. 0148-0227/97/96JA-02176509.00 of the satellite [Horwitz et al., 1984; Comfort et al., 1988] , show the He ÷ to H ÷ density ratio to be of order 0.2 for the conditions experienced. Newberry et al. [1989] noted that the DE I/RIMS He ÷ to H ÷ density ratios were higher than had previously been reported [Chappell et al., 1972; Young et al., 1977; Geiss et al., 1978; Horwitz et al., 1981 Horwitz et al., , 1983 Lennartsson et al., 1981; Waite et al., 1984] but that the solar activity for the DE I data was consistently higher than that for the data from these other studies.
Farrugia et al.
[ 1989], using data from GEOS, reported a constant He ÷ to H ÷ ratio of 0.1, also lower than early DE I/RIMS results. Newberry et al. [1989] Comfort et al. [1985] . These conditions restrict the observations used to those in and near the plasmasphere [Comfort et al., 1982 [Comfort et al., , 1985 . et al., 1994] ; it also results in a better separation of the data in terms of high and low solar activity using a single value of P (Psl50) for the separation criteria. Figure  1 shows solar activity in terms of the proxy P for the period of this study. A preliminary examination of the data indicated that the ratio varied most with radial distance r and secondly with solar activity, P. The dependencies on season, local time, geomagnetic activity, and latitude appeared to be much weaker than those with r or with P. However, the spread of the ratios is large, due in part to the variations with r and P.
However,
In order to see the weaker dependencies and to model the behavior of the ratio, we detrend the data with respect to the r and P variations. We have used two methods to model the variations of the ratio with r and P. In the first method, the ratio is assumed to be separable into products of functions of each independent variable, that is,
where now R m is the modeled ratio that includes only the r and P dependencies, in the second method, rather than finding each function separately, we used multiple linear regression to fit the data with functional forms similar to those used in the separable function method.
In performing the multiple regression fit, we also used r, P, and p2 as the independent variables. P and p2 are, of course, not independent, but it is necessary to include both in order to model the variation of the density ratio with P. In this second method, the function for the model ratio was actually fit to the log (base 10) of the measured ratio, that is, log Rm(r,P) =b0+b Ir+b2P+b3 P2.
The original data set is detrended for r and P by dividing each measured ratio, R(r, P, Kp,...) by Rm(r, P) 
where _-o = 60°-Similarly, the functional form for the fit to local time is given by RLT = _dnsin2n((LT-2.5)_x / 24.).
The functional form for the fit to the remaining variable, L, is given by RL= Een Ln .
The final fitted ratio is given by the product of R m and (6) through (8); the fully detrended ratio Rf is given by
Rma(r, P, Kp,...) = f(r)g(P)h(Kp) ....
where Rm a is the modeled ratio that incorporates all the known dependencies. This treatment assumes that the independent variables are not correlated, or at least not strongly correlated.
Each function was found successively, that is, fit the data to f(r), and remove this trend, then fit this detrended data to g(P) and remove its dependency, and so on. We found through this process, that the r and P dependence of the data could be modeled as the product of exponential functions of r and P, specifically, and should show no systematic variation with these variables. We do not use the fits given by (6) through (8) in the discussions below because the variation of the detrended ratio R d with these variables is small. However, for completeness, the coefficients for our best fits for (6) through (8) are given in Table 1 .
Results
In the following, we first examine the results of detrending the He + to H+ density ratio for r and P, and then examine the et al., 1989] . Our choice of using the radial distance rather than L to examine the ratio is based on our observation that the data is better organized by r than by L.
This decision is supported by the smaller linear correlation coefficient associated with L (see Table 2 ).
The results of the multiple linear regression fit to the data shown in Figure 2 are given in the first 3 columns of Table 2 in the appendix. Table 2 show the values of selected coefficients for L and Kp when they are included in the regression. They are shown in Table 2 only for reference since they were not used to detrend the data. Figure 3 shows the data plotted as a function of r after each point has been detrended according to (5), using (4) and the bi coefficients given in Table 2 . The detrended ratios should cluster around one (the solid line across the graph at one is included for reference) if the trends have been removed. Figure 4 shows the same detrended ratios plotted as a function of P. No dependence on either r or P remains after detrending, and the scatter in the measured density ratios has been reduced.
A third character of the ratio, which is shown in Figure 5 and also by the correlation coefficient given in Figure 6 , the ratio does appear to minimize at the equator for a given pass, at least for the early data; this tendency is not so clear for later measurements. Figure  7 . The ratio peaks near the equinoxes and minimizes at the solstices, the difference amounting to a factor of about 2. There is a weak systematic variation of the ratio with magnetic local time (see Figure 8 ).
An apparent dip in the ratios near 1500 hours appears to be the result of a concentration of measurements taken close to the same date. The detrended ratios R a tend to be less than one from about 2200 to about 0500 hour, around one from 0500 tO about 0900, and greater than one from 0900 to about 2200 hours, ignoring the dip at about 1500 hours, with the variation being a factor of about 3. The Newberry et al.
[1989] model results indicate a diurnal variation of a factor of 3-4 in the ratio at 5200 km (the equator at the top of the flux tube) in which the ratio reaches a minimum around 0300 MLT that the ratio is generally smaller in the midnight and dawn hours than during the day.
Discussion
Because the ratios presented here extend over a large number of observations and types of conditions, some spread in the ratios should be expected. The spread in Figure 2 for a given r is greater than a factor of 5, and this variation is on top of a factor of 10 variation between 1 and 4.5 R E. The total spread is reduced to a factor of 4 to 5 after detrending on r and P, indicating the strong influence of r and P on the ratio. Since the data in this study are analyzed by an automated 
.. "_ . A candidate geophysical parameter that may contribute to the remaining spread is the ion temperature.
We have looked at the ratio as a function of scale height at the point of the measurement and find the scatter is not reduced by correcting for the point scale height. We assumed that the temperature of the two ions was the same [Comfort et al., 1988; Farrugia et al., 1989; Comfort, 1996] and we also ignored the polar- included, the ratio of the ion to the electron temperatures is needed [Angerami and Thomas, 1964] . That the variation shown in Figure 8 is not a strong function of local time may be related to the effect of the ion temperature on the ratio• Further study along these lines would have to include, at a minimum, an altitude profile of the ion and electron temperatures and their diurnal variation• Horwitz et al. [1986] noted that the ratio tends to remain constant even across the plasmapause. We also find that ratio changes across the plasmapause, in those cases for which we can track the change (mainly confined to the early data), are much smaller than the spread in the ratios for a given radial distance (see Figure 2) , so that transitions across the plasmasphere boundary at midlatitudes to low latitudes do not appear to be adding significantly to this spread. The ratio does appear to systematically increase above +40°latitude. All the data points near _+60°latitude, the peak of the rise, are at geocentric distances less than 2 R E. Our detrending for r does not adjust the ratios in this latitude and altitude range properly, resulting in detrended ratios that are too high. The number of data points at high latitude below 2 R E is small so that the total contribution to the spread is small and limited to the lower radial distances. For high solar activity, the peak value, after adjusting for the r dependence and normalizing to 0.17 at P-150 to bring the magnitude of the ratio back into its original range, is at 0.08 and there is a broad distribution of values with a mean of O. 14 ( Figure 9a ). For low solar activity, the peak of the histogram is at 0.03 with a narrow distribution (Figure 9b ). The mean adjusted ratio for low activity is 0.07. One of the differences between these two data sets, in addition to the levels of solar activity, is that the variability of the solar proxy P is much greater during the high solar activity than it is during the low activity. Thus it appears that at any given phase of the solar cycle, the range of the He + to H + density ratios that may be measured and the mean value of the ratio may be connected to the solar variability and to the mean solar activity level, respectively, experienced over the time the data is collected.
However, more data, preferably following the ratio through another solar cycle, is needed before a definitive statement can be made. The phase of the solar cycle affects the ratio both through production and loss of He + and H +, through scale height effects related to ion temperature, and through diffusion effects. The latter two are shown in the study by Waite el al. [1984] , in which they demonstrate the importance of the ion temperature and density ratio at the base of the flux tube to the composition in the plasmasphere.
Previous studies, [ Young et al., 1982; Farrugia et al., 1989; Lennartsson et al., 1981 Lennartsson et al., , 1982 Horwitz et al., 1986] et al., 1986; Comfort et al., 1988] and is taken during a time where the average is about 0.2 due to high solar activity. Newberry et al. [1989] and Comfort et al. [1988] show that the minimum and maximum mean value of the ratio in the early RIMS data differ by a factor of 2 to 3, depending on whether the morning or evening data are being examined. et al., 1984] . The behavior of the ratio in the present study (Figure 2 ) is qualitatively consistent with the results of FLIP as shown in Figure  10 . Figure  10 shows Figure 10 shows the effect of the ion temperature on the altitude profile of the ratio. 
